Abstract-This paper highlights the theory of commonsense knowledge in terms of representation and reasoning. A connectionist model is proposed for commonsense knowledge representation and reasoning. A generic fuzzy neuron is employed as a basic element for the connectionist model. The representation and reasoning ability of the model is described through examples.
I. INTRODUCTION
The knowledge which is possessed by humans about the world is called commonsense knowledge and the method for making inferences from this knowledge is called commonsense reasoning [5] . The computational framework which is provided by fuzzy logic has been employed by Zadeh [11] - [15] to establish the preliminary basis for commonsense knowledge representation and reasoning. Zadeh defines commonsense knowledge as a collection of dispositions -propositions with implied fuzzy quantifiers [12]. He introduces a fuzzy-set-based meaningrepresentation system named test-score semantics [14] that provides a base for representing the meaning of complex propositions. Propositions containing fuzzy predicates, fuzzy quantifiers, modifiers, and qualifiers, can be represented by the test-score semantics. Syllogistic reasoning in fuzzy logic is proposed as a systematic basis for inference from commonsense knowledge [12], [13], [15] . A set of rules is derived for combining evidence through conjunction, disjunction, and chaining. There are several methods for implementing knowledge-based systems [2]; a key factor that must be considered, is computational constraints. Connectionist models have a good potential in areas where many hypotheses are pursued in parallel and high computation rates are required. There are a number of connectionist models of knowledge base representation and reasoning In this paper, a connectionist model of commonsense knowledge representation and reasoning is proposed. Fuzzy neurons are used to form the structure of a fuzzy neural network. Section I1 reviews the theory of commonsense knowledge. A fuzzy neural network implementation of commonsense knowledge is introduced in Section 111. 
In the above definitions, if F and G are fuzzy subsets of U and V , respectively, then 
. Quantification rule
The meaning of the proposition p = Q N are F , containing the fuzzy quantifier Q, is represented by
in which the relative sagma-count that denotes the proportion of F in N is defined as 4. Qualification rule A qualified proposition is written in the form of q = p i s y, where y may be a truth value, a probability value, or a possibility value.
Let q be a truth-qualified proposition of the form 
where F , G, and T are related by
(b) Probability qualification Let q be a probability-qualified proposition given by q = N is F is A, where X is a linguistic probabilityvalue such as very likely. Then, A (c) Possibility qualification Let q be a possibility-qualified proposition of the form q = N is F is w , in which w is a linguistic possibility-value such as quite possible. A fuzzy subset G is required such that
, which is a fuzzy set of type 2 [ll] , is given by
Reasoning Syllogistic reasoning in fuzzy logic can be employed in reasoning with dispositions. A fuzzy syllogism is expressed in the general form
P ( Q I )
-a(Q2) T ( Q ) in which the major premise, p ( Q l ) , is a proposition containing a fuzzy quantifier &I; the minor premise, q ( Q 2 ) , is a proposition containing a fuzzy quantifier Q 2 ; and conclusion, r ( Q ) , is a proposition containing a fuzzy quantifier Q. Several syllogisms have been developed for reasoning with dispositions. Intersection/product, consequent/conjunction, and antecedent/conjunction are the basic syllogisms. 
David i s young i s VCTY likely. -+ ( A g e ( D a u i d ) is y o u n g )
is v e r y likely. Figure 2 illustrates the connectionist implementation of p . Three blocks are displayed in the figure, A g e , Height, and If. The Age block represents the attribute Age which was described earlier. The Height block stands for the attribute Height and is constructed in the same way as the Age block. It is assumed that the system has no knowledge about Tom's height in the Height block. The If block implements conditional propositions. It communicates with the attribute blocks involved in the premise and conclusion parts of the ifclause. Similar to the Age block, an I f block has two reasoners and contains MQQ neurons.
Fig. 2. Connectionist implementation of a conditional
proposition.
In the forward reasoner, a M A P neuron, which contains the relation YOUNG' @ T A L L , maps the input fuzzy set AGEOUT into another fuzzy set on the the Height domain. In the backward reasoner, the COMP neuron, which contains the relation T A L L , calculates the degree of compatibility of the input fuzzy set HEIGHTIN with the fuzzy set TALL. perform the max operation on the weight and neuron input. As a result, the system will also be able to respond t o queries such as I s Cat a mammal?.
The proposed architecture performs syllogistic reasoning as a basis for inference from commonsense knowledge. Different parts of the system can be linked together to provide multiple inheritance.
IV. CONCLUSION
Zadeh's theory of commonsense knowledge is reviewed briefly in this paper, to establish a basis for representation of dispositions and reasoning from them. A connectionist approach is proposed for implementing commonsense knowledge and reasoning based on Zadeh's theory. The model is implemented using a fuzzy neural network, the structure of which is formed using generic fuzzy neurons. The proposed architecture performs syllogistic reasoning as a basis for inference. The examples illustrate the method of the system operation.
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